Objective We investigated the relationship between the right cardiac system and increased pulmonary artery systolic pressure (PASP) in the elderly.
Introduction
Right ventricular systolic pressure (derived from Doppler transthoracic echocardiographic assessment of the maximum pressure gradient in tricuspid valve regurgitation) is correlated with pulmonary artery systolic pressure (PASP), as determined by invasive techniques (1) . PASP serves as an important index not only for cardiac disease (2) but also for primary pulmonary hypertension (3) and chronic obstructive pulmonary disease (4) . In the elderly, PASP is thought to be elevated (5, 6) . However, few studies have been conducted on PASP in the elderly, especially the very old (>80 years) and the mean increase of PASP is uncertain. In addition there are few autopsy studies on the right cardiac system in elderly people free of heart disease. In this study, we investigated the relationship between clinical data including PASP and pathological findings in the elderly.
Methods
Between April 1, 1997 and October 25, 1999, 200 consecutive autopsies were performed at our hospital. Echocardiography data were available from the 163 most recent recordings, when the subjects were regarded as stablestate outpatients. The other echocardiography data of outpatients and inpatients were omitted. PASP could be estimated in 73 cases of the former. Of these, 22 secondary changes attributable to left cardiac insufficiency, as deter-mined on echocardiographic or pathologic examination. We studied the remaining 51 patients in detail (16 men and 35 women, aged 68-103 years; mean, 87.9±8.5). Echocardiography was conducted using a SONOS 1000 with a 2.5 MHz transducer (Agilent Technologies, Andover, MA, USA). PASP was calculated by measuring the maximal regurgitation velocity V (m/sec) in Doppler wave form on the 4-chamber view or on the right ventricular inflow pathway according to the simplified Bernoulli formula p=4×V (m/ sec) 2 +10 (7-9) (Fig. 1) . LVEF was measured on images of the long or short axes in the M mode.
The following pathology variables were assessed: heart weight, thickness of the wall of the outflow tract of the right ventricle (RV) as an index of RV hypertrophy (10) , diameter of the principal pulmonary artery and inferior vena cava, RV capacity, circumferential lengths of the pulmonary valve (PV) and tricuspid valve (TV), lateral thickness of the left ventricle (LV) wall, and the presence or absence of chronic pulmonary disease. We also considered patient age, BMI at the time of echocardiography, and sex, which are known to be correlated with PASP (1, 5, 6, 11) . In addition, we retrospectively investigated the survival time [duration of observation, i.e. (the time between echocardiography and autopsy)]. All autopsied patients' families agreed to our investigation of the clinical and pathological data presented here. All values are expressed as means±SD. Stat View, version 5.0, software (SAS Inc., Cary, NC, USA) was used for statistical analyses. Linear regression analysis was performed to assess any possible correlations between the study variables and PASP. Variables with a p value 0.10 on linear regression analysis and the presence of chronic lung disease, which was regarded as an important factor for the increased PASP, were further examined by multivariate regression analysis. A value of p<0.05 was considered to indicate statistical significance. Results Table 1 shows the characteristics of the subjects. Mean PASP was 39.8±10.3 mmHg, which is elevated compared with young persons (5) (28.3±4.9 mm Hg, 32.9±17.1 years). Pathologic examination of the lungs disclosed chronic lung disease in 24 of the 51 subjects, as follows: chronic emphysema (12 cases), organizing pneumonia (3 cases), inveterate pulmonary tuberculosis (4 cases), chronic pulmonary thromboembolism (4 cases), and lung cancer in one case. Chronic lung disease had been correctly diagnosed in only 5 of these 24 subjects before autopsy. None presented with acute cor pulmonale due to pulmonary thromboembolism. In 32 of the 51 cases, the mural thickness of the RV outflow tract was 5 mm, confirming RV hypertrophy (10) . However, none of the subjects was diagnosed as "cor pulmonale" because all organs were atrophied and the heart weight was decreased. All patients were diagnosed as having senile lungs. Table 2 shows the relationship between pulmonary artery systolic pressure and a number of variables. Linear regression analyses showed strong correlations between PASP and the following variables: age (r=0.35, p=0.011), sex (men) (r=0.31, p=0.029), thickness of RV outflow tract wall (r=0.35, p=0.013) and the survival time (r=-0.36, p=0.0083) (Fig. 2) . In contrast, PASP was not correlated with BMI, LV ejection fraction, heart weight, diameter of the principal pulmonary artery or inferior vena cava, RV capacity, circumferential lengths of the PV and TV, thickness of the RV intima, lateral thickness of the LV wall, or the presence or absence of chronic lung disease. Multiple regression analyses confirmed that PASP was strongly correlated with the thickness of the RV outflow tract wall (p=0.0037), even after correction for age, sex, BMI, the survival time and the presence or absence of chronic lung disease ( Table 2) . 
Discussion
In this study, we showed that PASP in the elderly is elevated and it is strongly correlated with the thickness of the RV outflow tract wall as an index of RV hypertrophy. When there are no secondary changes attributable to left cardiac insufficiency, increased PASP is thought to be a consequence of lung disease (10) . However, only 24 of the 51 cases examined here had chronic lung disease. In addition, PASP did not correlate with the presence or absence of chronic lung disease.
The reason for these findings is unknown. However, it is well established that PASP does not become elevated until the terminal stage in patients with chronic emphysema (12) and inveterate pulmonary tuberculosis (13) . The present study did not include severe stages of lung disease directly contributing to such an elevation, such as, cor pulmonale.
The remaining cases with increased PASP were of uncertain etiology. However, certain factors intrinsic to the lung may contribute to this increased PASP. In the present study, all elderly subjects had senile lungs, which are characterized by a homogeneous enlargement of the alveolar airspaces, without fibrosis or destruction of alveolar walls (14, 15) . According to the literature, the incidence of chronic emphysema (on pathologic examination of the lungs) in elderly subjects ranges from 18% to 100% (16) . These findings suggest that respiratory disturbances due to aging may induce increased PASP.
We previously reported that PASP is closely correlated with the level of brain natriuretic peptides in the plasma from the elderly (17) . Moreover, in very elderly persons, the plasma brain natriuretic peptide concentration increases and may be a predictor of both cardiac disorders and mortality (18) . These findings suggest that the increase of PASP and the level of brain natriuretic peptides may both be caused by the same events, which have yet to be determined. However, this is based on a retrospective small study, so larger prospective studies are still necessary to confirm this notion. In conclusion, PASP is elevated in the elderly and it is correlated with the thickness of the RV outflow tract wall as an index of RV hypertrophy. (Fig. 2A,  r=0.35, p=0 .011) and thickness of RV outflow tract wall (Fig.  2B, r=0.35, p=0 .013) were closely positively correlated with pulmonary artery systolic pressure.
